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^^{Semiconductor device including an air gap between a semiconductor substrate and an 
L-shape spacer and method for forming the same} 



£ 2^- >& ^A]oflofl aj-^. u>£^l ^>o) ^.o]^ ^-^£oli^. 



100: «K£*fl 7l^r 110: 7fl°lH ^<&^ 

120: Tflol^ ^ 130: *l<£^ 

140: ^1^1^ 141: »L«^ sfl€ 

142: 150: 

151: "L"^ i*H°H 152: 

153: 160: s)^^- 

161: sl^^- 170: ±SL^/^]]9l 
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172: JL^-S. il±/E5H°l 

[^ Vc §^ A cM14 ^] 

<i 4 > ^. Tgj-tg o. «v £ ^ ^ ^ «.o]:oil ^-^ ^S., 43" ^l*>7fl^ «hE.;*ll 71^4 "L"^ 

^4°H 4°H <>IH 7^ ^14^ t&ssfl ^4 ^ II *flS ^^^l 3H4. 
<is> tiV £ ^ £^2] 371 ^ 4*|-oi l-(design ruleH 34 -%^^1H1 44, SKE-^l i4t 

^Atr A^^l FETCField Effect Transistor)^ 3.7) ^±S. ^ 7Hr44jL &4. 

*hE3l ^7>2l ^^£7> #7>44 -^A]cfl aV£^] ^>o) ^ i£ £Etr ^^>7fl <*|44 

ji a1— ^ , 4^1 *L£*fl ^43 ^^^f£f %H V ^1^1^ *H 3fl^*>^o>^ 44s 

<ie> FET^l 371 44 5; 7flel4(hot carrier)7l- TlMB ^^^5. =^4^ &^1« 

sM47l 413) 43E^ ^-efl^l (lightly doped drain, LDD) ^7> 4^ h> £»4. LDD 
T L ^«r7l ^tr 44^1 ^JlS*! 711 °1H *14 "L"^ ^^1^141:* ^4^, 4°lH 

^144 "L"^ iiEiloi4s.^- o]^^<y nj-^as ^l-g^H ^-fe-S. i^.i/^efl<y ^ ji-^H ±Sl 
^/^ell^l* ^§444. 

<i7> £ l£ "4#€ 4*1 ^^.^/^ eflo] ^-g- ^^14^ MOSFET^l 4-71^1 ^4o]j= 

4^ (Method of forming a self-aligned MOSFET with an extended ultra-shallow S/D 
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171: z\^5l ^SL^/B.t]}9} 
200: TIMS. 4*3 
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junction)"^^ M]Q -f (Shye-Lin WuHl *fl 6,087 ( 234Jl<>11 7flA]^ ^ 

Hfl "L--^ ^5Ho]^# ^wl*Kr tih£31 ^>o] 7fl^^ o.s. iL°l^- ^£014. 

<18> £ ^-o] ^efl »L"^ >i5flol^l- ^-til^Rr *}^} ±At= ^ 

(12) ^^1- ^ H tiKE^l 7] #(10)* ^fe "L"^ i2)l°Hl-(13)* £W. -£ l°fl 

*1 ^*1JE. 'll'-gr TlMB ll^, '14'^ ^^i/-=eflo], 'lS'^ 51^5. 

91-ir AA A^A. 

<19> ^ > t)]-J£^ ^7\Q\ ^A^l 7) 71 ^*IM*r cxje-| iifl Jl^sHo> ^-t}. 

zl ^*\]*]S. 3M ^sfl a] ^(parasitic capacitance) 7)$ ^^l^ 

^ te^l a} a] ^o\)a] ^fl*}^ ^A ^5L3) *1<3* ^7l*V4. <>l^tr ^ 

^H^i *fi47> TflojE ^ 71^ Ti^HS^gate fringe parasitic capacitance)^ cf. 

<2o> £ iio]^. W }sq- ^-o] ^H^!-(i3)oi t)}o}^ ^(12)^ 4i.2.i/.E.efl 

o}(14)ofl ^*Hr ^2fl aV£^] TflolH ^ 7^ ^2flAl^^(C gf )7> ^tr4. °]*W±, 

7fl°lH ^ 7]^ Tl^flAl^^CCgf)^ TflojH SAj* TflolH ^£51 *1<£ 

-g- -frl^r^ ±7}^ ^1T* ^^>A]7l^ €-*H3°l olCf. 



<21> a o V 7 ]^ ^.g. ^^^ 7 | o^V M. ^tgcq 7l#^ 7l^;4 "L"^ i3 
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^ ^ *}-g-) 

<22> Aj. 7 ] 71^3 4^1 # o]=7l ^ ^T^S] i^Rr, 7)#d\] ^ £) ZL *\ 

3. °}^& ±SL+ ^ = eflo]!- ^7} ^ ^"71 =efl<y a>o]o] ^ ^-Sf 
ofl TllolH ^Blol tifl^l^cf. ^7] TflolH sfl^o] ^tf ^*]Jf (vertical portion) ^ 
Aj-7] ^^-^ ^3.^ <£^Q ^-^(lateral portion)^. ^33, #7l ^-*jMr #7] 

^ ^"71 ^efl^loll »L»^ ^5flolA^7> ^^^Cf. #7l "L"^ ^ ^o V 7l 71] 

Al-Olofl oflo] 7^ ^l^Rr ^1^^-71- ^^^Cf. 
<23> Aj-71 7l#^ ol^7l W ^ a].^] ^ ^ « 0 >^^r, 7]^ 

^oHl 711 °1H ^^W. #7} 711 o]H S^fe ^JE^ 7}# ^ ^} 

n| ; ^o]X\ ^ojnV *J 5] ^ n Kj- ^ S ^^*Vcf. ^7) S\^, A oM ^ o] A^ ^Ojnl- ul 
7l ^^Kg. o}^ A1^>C^ A o V 7l ^olE sfll^ ^-g-g- "L"^^ ^1^1^- 

3fl€, ^"71 *1*1S1- "L"^^ 5Hr isfl°H ^ ^1-71 i3)H^«- gl^ 3^ 

^.g- ^^tbCf. Aj-7l "L"^ ^SlM^fe # 7 ] 7)#*) £^ofl cfl Sj-oJ ^ ^ ^JjL 

^ ^71 ^*]^ ^-fS ^^4. ^71 jfl^g. Alz}-*} 

<*| AV 7 j " L ..^ ^SflolA^ A 0 V 7 ] ^jgW. ^ Aj-7] tiV^^j 7l^T A>0H1 6]]0] *\)^ 

4. ^"71 711 °12= * r -g-*H ^71 #51*11 71^; iflofl o] ^-S.^- 

^°d*>^ A o v 7l TllolH ^ ^"71 ti_V£^l 7m iJHi ^^.^ ^ S-e^* 

<24> A o V 7 ) 7]^^ JlMl-I- ols 7 ] o^^V ^. aV^^] ^2 « 0 >^^, ^^1 7l 

^oHl 711 °1H 3Tfl^l -g- ^^^-rf. ^71 711 °1H nm^r i^§>fe ^j-71 tij-Sx-ll 7]^ ^-ofl > 

^-71 TllolE sfl^ofl cfl^fl Alz^AjlHtil# ^ #^5. ^^^Cf. ^-71 *)*\ 
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^ #*fl ^l^, ^2fl°H ^<^nV ^ S\^^ #7l ^^BV ^ #7l Sl^Bl- 

# #7l r^H^ ^^BVofl tfl*|) Al^lljtill- g-fe ^^tb^. #7l # 

71 ^3fJlol^| ^cg^- ^ #71 *\xM-$r A1Z|-^ #7l TflolH S^Sl ^tfl-i-^- »L" 

^^-ir 5^ *1*1^ ^fl^i, #71 *1*1 3fl^* gfe i*H°H ^ # 

7l ^Sfl°H» ^ 5}^nl- 3#^t}-. #7l "L"^ # 7 ] «VE*ll 7)$;$) 

oil Cfl^ ^*]Jf ^ #71 ^S^-Ei <£#£ ^^-S #71 

nV 2fll£-g- SJ-^^I ^Tl^-Of #7l aj]^^- =.ig.# Al z^o} ^ £ # 7 ] » L »tg ^ 

5flol^^ # 7 ] a. Aj- 7 ] 7^ Afolofl 6fl 7^ ^fl^t}-. #7l 7)}°}^ 5fl^# 

°l-gr^ A^^H #71 *}5L*\] 7m iflofl o)4-^ #71 711 Ol H ^ 

^ °^ #71 tiV^^l 7l^ iflof) ^ ^ell^I^- ^#^. 

°}*\, ^51 -i*Hl#* #4*1 i=f-S- 

^1 i7fl£l^r i^Hlt^ #^A>ofl7ll A}#c>l ^&*\ ^ S>7l 

Cf€- ^EflS &C1-. ^SlJl, £^1;<H1 5^*1, # ^ cga^o] Tjol, ^7)1 --o. £ 

31- $1*H ^#£i<H ^£ ^<H*> ^-s^sS^r ^<Htb 

51 2^1 iLoj^. w>S]- ^-ol a. ^aHHI af^ tiVH^ll ^*Hr, ^£^1 71^(100) # 

°fl *8#€ TflolH ^^(llO)-^ TllolH ^^-(120)^.5. ^1 s.ol^]^- ^olH sfl^(200), ^LelJl 
#71 TllolH 3x)l^(200)2l ^^1- #ofl ^^sj » L »*g ^2llolA^s.(i5i)^- if*Vcf. #7l "L"^ 
^2)l°H(151)^r #71 TllolH 2)1^(200)21 ^-^Ir^^Ei <^ ^-Jl ^3i-^-(152) 

^ #71 ^^^-(152)21 <?i#5lol #71 «V£*11 7m(100)<^l 3g^t> ^^-(153)» 

22-8 



0^ 



1020030055897 ^ QA- 2003/10/15 

#4 aV£^l 71^(100)4 ^-71 ^5g«.(i53) X\o)o\) ^(Al)-g: *ll^4. a*v, 

£ ^ofl 4€- ^-£^1 4i7Kr A oM TflolB sfl^(200)Sl ^^4 %7] "L"^ ^*1H ^#(151) 

#71 "L"<§ i*|°H*(151)-S- 44*Rr 44 J f*(142)* 51^4. ^ 
°1H sfl€(200) °<J= ^21 #7] i&HSfl 7]^r(200) ^^.i/^efl^C 170)^1 H^4. 

i^>i/=efl<el(170)^ #7l "L"^ ^3Hol^(i5i)^ ^-71 ^3g«-(i5 3 )sq. f^4^ tfV^l 7]J& 
(100) tlH ^£ 4*S. ^iLiAE-eflSK 171)4 >S-7l ^sgJf (153) tiVS^fl 71^(100) ifl 
°fl M4°l ^"71 4^S. ^^.^/^efl<y (171)4 3*>fe Z-^S-S. ±SL^/ELZ)}91(172)^: 

<27> #4 "L"^ i2llol^(151)^ AlsJ-nVO.^ o]^0]^ + Oj^ Aj-y] ^1^1 «-#(142)-^ «V^^ 

(semi-insulating) #5^el€- ^44-° 5. o^o^ ^ oicf. ^ > #7] tIMe ^q- 

(120)4 #71 *1*1^(142)» o}^ ^-g- JLB\f>}o] ^7} 4°lH #^-(120)4 ^) 44^f 
(142) 4°H1 ^<gnv( 130 )^- c] £ ^ ^ £ &4. 

<28> ^-o] .g. ^tg£. » L ..^ ^51101^1(151)^ ^3§«.(l53)fil- SKE*H 71^(100) 4°H1 ofl 

4 7 J(A1)* ^W^l 44 >HMH ^(120) ^^^1 71^ 7l2l)Al^^(C gf )^ 2] ^ & 

4. ^r, 7M5 7laflAlEl4 ^d^o S A^ ^HrRr #7l 4°lB ^(120)4 #4 4^.£ ^SL^/ 
H.5fl°J(171) 4<>H ofl<>) ^(Al)-g- ^44^, 5E^ #7} d\)o] ;g(Al)4 #3 ^'4 44 
Jf(142)4 ^ V°ll 4*fl 4°lS ^^-(120)4 *)*3E i.2.i/^ell9j(171)2l 44-i- ^.Al^ofl 

44 tiIoih ^ 449 ?144^(C gf )-I- ^ XI4. 

<29> ol5>, IE 3a £ 3e» -g- 4-E- «>£^1 ^4 ^lS « 0 Vl £-§- 
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<30> S. 3a<^l J±°1tt H><4 go], 7 )$. = o] y>_£^ 7 ]^(100) A oHl TlHH. ^ 

^(110)* ^§W4. A o v 7l 7flo)B ^9i^(110)£r Si0 2 , Si 3 N 4 , SiON, Zr0 2 , Hf0 2 , Ta 2 0 5 fE^ 
A1 2 0 3 S ol^^ f # 7 ] tIHb ^^^"(110) #°H >IMB #^(120)* ^^tb^-. 

#7l 7)]o]B *t<3*Kll0) ^ TfMH ^(120) °] s-oHtt 5fl^(200)ol ^ 

^€4. 2flBi(200)^: #7l 7)lo]B ^^^"(110)^: #ofl # 7 ] TflojE 

^(120)-g: oil: JE*!^* ^^s>^l, #7l ^<^bV ^ #7l E^^M- zflEi^°.S*| ^^^1 
4. 

<3i> cf-g-AS £ 3b<>ll iL°l^r ti}°4- ^1, a o > 7 ] TflolB ^^(200)^1 #7] tiV£ 

31 71^(100) ^I^l tH^ ^^^-(130)# ^ ^71 u^s] ^<?1^-(130) «!: -^3£r 

#7] TIME 4€(200) 4^^^ ^^Mr i^>7l ^tb 3°14. A o V 7l *3 

^^-(130)^8- 90 A 110 A ^sj- 1 ^* ^^1^ ^ ^4. 

<32> o]o^ ; #7] ^^^-(130) #<*H *1*1*K140), ^=fl°H ^^^-(150) ^ 

(160)^8: #7l wis] ;§<£eKl30), ^1^1^(140), ii( 0 H ^^^"(150) ^ s\ 

^^-(160)^ #7l 2)1 ^ (200)^1 ^€ #7l tiVH^l 71^(100) #^1 SiS.^11- 5> 

<33> ^o] ^AHloflA^ # 7 ] i^olA-l ^9l^-(150)^: W7l#^^ 100 A tfl*l 

500 A ¥^1^1 M^t #7] ^^1^(140) ^ #71 s]^bV(160)^ ^4 # 

71 ^^oVdso)-^ #2}-^-oll cfl*ll Xj^Bfltlll- ^el^J^^nV tc^ ^ 

A-i: ^ ^-71 #^*]-^^- °l-g-^ 100 A ifl^l 1000 A ^-ns. ^S}^ ^th*. ^o v 7l 
^1^1^-(140)* #Bl^Bl^o.S %^^r ^-f <Hl£- 71^ THsflAl^o] ^l^V7l ^«fl «V 

1*3 #Hl^Sl^^# °1 ^o] uj-HJ-^t}-. o>^^ ( cf^^ <^fl #71 *1*1 A 
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(140) ^ #7] 5^^(160)* -§-9J #z]jl ^*Hr %°] «>^*>cf. ^-71 711 o]e 
(120)3|- ^-7] xl^nv( 130 )o. yj^yj. §&)^e]^o,S. ^4., ^zj-^tf-g; iL-#S}7] Jfl*M 

^3*1 ^nV(l30)^ O]^ ^^Z^- ^ofl^ 7)1 o] E ^(120)^ ^ Zj-g- 

<34> 5. 3c°\] H>2f Z>ol ; AJ-7] ^^^-(130)^1 nfl^l #7] $\ 

^"(160), ^"71 ^0^(150) ^ ^l^nVd^)^ ^ o]^ AlZ]-^ ( ^olH £ 

^-(120)^ ^.cfl s]^nv 5flE^s.(i61), »L"^ i^H ^#(151) ^ "L"^ sfl^^- 

(141) ^- 

(141)-$: AA Ti^z}- ^ Al7> T^ofl ^ A ^ 4^ r]~g- 

3} Zj-O] Ol^-^^lcf. ^7-1, A o V 7 ) J^nVQeo)^ ^ ^Z}-^-C>.5*| 5) ^ ^ ^^#(161)^1 ^ 
olc^A^ A o V 7 ] ^^nV 3fl^S.( 161 )^ * ^-7] ^nflo]^ ^ ( 15Q ) o] 

+\As)o] 4>7l TllolH ^M(200)^ ^c^^sL^E.] zlz^ z>^ ^zi«-l;(i52) ^ #7l =^ 

152)^1 <2^£l^ ^7] a>£^l 71^(100)^1 ^r^^-t( 153)5. 0)^0] 

*1^ ^-71 "L"^ i^lolA^|-i-(i5i)ol ^^^cf. cf-g-^S., 4>7l "L"^ AH- (151)0} ^ 

^ ^"71 *1*1 ^-(140)^1 ^ *\A5)°} ^7} "L»^ ^5llolA^-i-(151)2l- ^7] 711 °1 B. ^ 

(200) A>olo]l "L"3§ ^B]- sflei(i41)ol A o v 7 } » L ..^ iBllolA^s.(i5i)o| ^31 

■^-€■(152)4 ^7l TlMB 3^(200) *\°]°] H^Jl #7l ^^-^-#(153)4 ^7l tt]^ 

5K130) Zj-z* zfz}- >a-7l "L"^ A*}A 211^(141)^ #4 -^-^IHI $m ^z^cf. 

<36> ^ ^aHHa-1 Aj- 7l ^aIaiz]-^ z^-zt CF 4 ^ 0 2 ol^-^ ^^zl-( ma i n 

etch) 31 A (over etch)^.S z0*3^cf. ^7} 180 W vfl^l 220 W 90 mTorr 
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vfl*l 110 mTorr °Jr^ ^1^. #7] 90 W ifl*l 110 W *m , 135 mTorr 

ifl*l 165 mTorr ^ ^1^4. 

<37> Cf-g-O.^. £ 3doll £_o]^ «><2f ^-o] 5)^nl- 2fl?a-i-(161)-a- *fl^M #7l "L"^ ^1 °H 

#(151)3 ^7} ^^-#(152) ^ -#7l ^ ->?■#■( 153)3 #j=l z]-z}- ^#Al7lJL, »L»*g 

*]*]n}- jfl^(i4l)-S; ^^z^oj -*7l "L"^ isflolA-H-C 151)5] #7l ^ Yl" ( 153 ) 4 #7] 
^°1^-(130) °\]°] ^s.(Al)-i- ^1^}^ ^l^l-(142)-g- ^H^. 

(151)^] ^^#(152)^ ^SZtt "L"^ ^l^nv 3}] £11- (141) 5] ^^8: ^^£1^1 ^ZL 
*H A oM TflojH ^(120)3 ^**l-g- £±r »1 ^ ^ 9i ( 130 ) ^ "L"^ ©H S-( 151) 

3 ^3]«-l;(i52) A>o]<Hl Aj- 7 ] *l*mi42)7V ^^^cf. #7) £^zHH ^z]-^ SE^r *]# 
<*) <4Sr A <M *l*mi42)7} ^5]^ ^^1 ^ 37l# «is|-Al*] ^ ojc]-. # 7 j ^AlAlZ]- 

<Hl 3*fl ^"71 7fl°lH #^-(120)3 ^71 w]^ ^<£^ ( 130)2]- ^7} "L"*§ 

^1-(151)5] ^^(152) AVojo]] cc cfs oflol 7 ^#(A2)o] ^^€^f. 
<39> AJ- 7 1 ^^n|.(l40)^- fs]^£lSn|o S 3^3. ^ o. AT- 7 ] ^AlAlz]-^- NH 4 0H -§-<^^: ©1 -g- 

«H 45 °C ^*] 55 °C<^]^ ^"71 7)7.)r%(uom Is^^S. % + ^-i] 
H3PO4 -g-^ ©l-§-*>^ 145 °C 150 °C*\}*\ ^1 

<40> tb^, ^T-71 sj^ 2fl^l-(161)^ HL^ ^^]z]-o. S z\}7\^ ^ 014. AV7I s] 

W sfl^il-(161)3]- 4V7I »L»^ ^1^1^- 5fl^s.(i5i)^- ;§-<^ ^^*1 ^ofl^ ^aiai 

Z]-©.S 5]^ i2flo]A-] (161)1- ^17]^A-] ^-A]<H] >S-7l "L"^ 5l]^i(141)5] ^JjL-^ 

a]z]-^H ^7) *]x]Jf( U2m ^rS. 9X^. 
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<4i> £f-g-_9_5. £ 3e°fl ^-ol, ^^i/^eflo] <^fV o]£-^<y ^ 

^ ^1*}^ 711 °1H 3fl€(200) #7] tiV^^l 71^(100) 

^/JELefl<=Q(170)^g- #7] ^^.i/^eflol(170)^r <#7] TlHH. ^(200)-$r °]-&^<£ 

^3 3£r ^ °1^: 0 1 7)^(100) t^H^ 7^5. ^^.i/S.Efl <?] ( 171) °] 

^^S\JL, #7] o]^oj nf^as. ^^-(153) <*2] #7) &5.$[ 7^(100) 

Lflofl ^-tfl^ o.s ^ -H^S 41.2-i/^ ell <?](172) 6] S^^tf. 

*fl 71^: A <H ^3*1 ^^tt^. W>^- -S-71 ^o] Tflol 

B f^*V o. ^ ^-o] A> 7l ^olH £^M| tfl«fl AlZj-^Ull- g 

*1 #7l TlMB ^3 JsLJ^o.^ ^ 5tH=h nam, #7] 



[^Sl £3)-] 

^"71 St\- £o) o]^6\x]^. ^ o. 7)] o] _e ^ ^ Aj-ofl "L"^§ ^H*^ ^ 
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11 

#7l TflojB 2fl^£] ^#^r Utt ^^^f (vertical portion) 9J #7l 

^^^-(lateral port ion) 5. ^ $\ S] , ^7} ^7} «J ^7} JE.efl°l 

^ ^"71 £ ^71 ^^/^El]<y A>oHl oflol 7^ -A. ^)1^.^ Xl^l^-S i^*Rr 

l %H1 5a°H, 
#71 ^^.^/^ello]-^, 

^7l "L"^ rt^olAl^l ^"71 ^Jg-fSl- ^^Sl^ «V£*11 71* vflofl i§ >g ^ ii*.^/ 

^-71 "L"^ iS)H^o} a o > 71 ^jga. go] a o V 7 ] 7 |3g. tflofl JJ^IE ri^.^/ 

[3^8" 3] 

*ii i *cHi su<h>h, 
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^Vsfnvo.^ O ]j=o^)^ ^ alJE^l 

*fl l *oHl &<>W f 
13 t 1 * 6] 
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